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A Free and Underexploited Diagnostic Tool in Angioplasty*Bernhard Meier, MDSEE PAGE 988A nimal studies on the intracoronary electro-cardiogram (IC ECG) preceded coronaryangioplasty, today referred to as percuta-
neous coronary intervention (PCI), by 1 year, almost
40 years ago (1). Even the balloon was there, but it
was used for temporary coronary occlusion producing
ischemia rather than for treating coronary stenoses.
In 1983, pacemaker electrodes were used to derive
an intracardiac ECG in patients with various degrees
of ischemia (2).
In 1984, IC ECG was ﬁrst used in patients. This
happened in the realm of PCI (3). When hooking up
the coronary guidewire to equipment for coronary
pacing to obviate the need for a temporary right
ventricular pacemaker, it was found that simulta-
neous connection to the precordial input socket of
any ECG machine revealed a continuous I.C. ECG (4).
This not only reﬂected by deﬁnition the territory of
interest but also showed ischemia much more
conspicuously (and therefore conceivably sooner)
than even the precordial leads. The I.C. ECG appeared
particularly helpful in the territory of a nondominant
left circumﬂex coronary artery, notoriously poorly
represented by standard ECG leads (Figure 1).
These ﬁndings were conﬁrmed in further clinical
papers (5–7). The poor representation of the territory of
the left circumﬂex coronary artery in the traditional
12-lead ECG (Figure 1) was again highlighted in 1989
when the I.C. ECG was examined in the role of the gold
standard for regional myocardial ischemia during PCI.
The I.C. ECG excelled indeed due to the unfavorable
traditional external lead position. Ischemia in the I.C.
ECG, but not in the traditional leads, was identical in*Editorials published in JACC: Cardiovascular Interventions reﬂect the
views of the authors and do not necessarily represent the views of JACC:
Cardiovascular Interventions or the American College of Cardiology.
From the Cardiovascular Department, University Hospital Bern, Bern,
Switzerland. Dr. Meier has reported that he has no relationships relevant
to the contents of this paper to disclose.the territories of all left coronary arteries (8). This was
again nicely shown in 1991 (9).
The fact that looking at the ECG was like using a
magnifying glass to look at a standard lead was used
in a paper to analyze the triggering of a torsade des
pointes by papaverine in a patient during I.C. ECG
recording (10).
Further processing of the I.C. ECG signal was ﬁrst
recommended in 1989 (11). This has now been taken to
a higher, more sophisticated level by an Italian group
in this issue of JACC: Cardiovascular Interventions (12).Technical papers in the early ’90s showed that
some repolarization changes in the I.C. ECG as seen in
Figure 1 were not necessarily signs of ischemia but
rather signs of the proximity of the lead to the muscle
(13) and that there may be a repolarization alternans
undetectable by surface ECG leads (14).
In this millennium, the I.C. ECG was used to predict
myocardial recovery during primary PCI (15,16). Via-
bility assessment in stable patients in comparison with
stress echocardiography (17) or with balloon occlusion
(18) and predictability of protection by recruitable
collaterals (19) using the I.C. ECG were further appli-
cations proposed. These reports added to the few, but
seminal, papers correlating the I.C. ECG with clinical
and prognostic endpoints in coronary artery disease.
Last, but not least, I.C. ECG was correlated with frac-
tional ﬂow reserve in an interesting attempt to obviate
the need for the costly pressure wire (20).
The electrophysiology guild showed interest in
I.C. ECG, an instrument that seems predestined for
electrocardiographic mapping, in 2006 with a paper
that used the I.C. ECG for the work-up of ventric-
ular tachycardia (21). Finally, joining forces of
electrophysiologists, interventional cardiologists, bio-
engineers, and statisticians generated the sophisti-
cated paper in this issue on correlating viability
assessment with magnetic resonance imaging to the
I.C. ECG derived from territories beyond chronic total
FIGURE 1 Original Tracing of One of the First Recordings (1984) of an IC
Electrocardiogram Simultaneous With Leads I, II, III, and V5 With
Identical Calibration
The left panel shows the tracings during balloon occlusion of the left circumﬂex coronary
artery with clear-cut ischemia only in the intracoronary (I.C.) lead. The right panel shows
normalization after balloon deﬂation except for nondescript repolarization changes. The
bottom curves indicate aortic pressure (mean about 100 mm Hg, with the horizontal lines
representing steps of 20 mm Hg starting from 0 mm Hg). The distance between dark
vertical lines equals 1 s. I.C. ¼ intracoronary.
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998occlusion (CTO) (12). Even when it does not sound very
practical to ﬁrst have to pass a coronary guidewire and
then even have to also advance an insulation catheter
through a CTO to focus the electrical harvesting region
to the very territory of interest before being able to a-
ssess viability, the paper has signiﬁcant clinical value.
The correlation with magnetic resonance imaging, the
only defendable (radiation-free) gold standard for m-
yocardial viability assessment, is new for the I.C. ECG
and quite convincing.
The clinical work-up of patients with a CTO
and echocardiographic or angiographic evidence of
regional dysfunction of the left ventricle correspond-
ing to the coronary artery with the CTO should
continue to go down the path of magnetic resonance
imaging viability assessment unless clinical symptoms
are compelling. However, there are situations in the
catheterization laboratory where the approach pro-
posed here comes in handy.Assume a patient has had a myocardial infarction
without access to primary PCI and now undergoes
elective coronary angiography a few weeks later
without any prior noninvasive test looking for
ischemia and without a clear-cut history of residual
angina. This should not happen according the
guidelines, but it does. A short occlusion of a major
coronary artery with visible collaterals is then found,
but the respective territory appears akinetic. The
likelihood of being able to pass this occlusion quite
easily with a guidewire for I.C. ECG is at least 90%.
Whether it is really necessary to add an insulation
catheter is debatable. A swift angioplasty operator
would probably use a balloon catheter for this, and
the lesion would be dilated anyway, rather than just
tunneled with the insulation catheter. Once accus-
tomed to the setup described in the paper, it will be a
matter of minutes to get the wire connected to the
electrophysiological recorder and to apply the signal
treatment recommended. A fairly accurate assess-
ment is immediately available in real time about the
potential recoverability of myocardial function in this
territory. A large area of apparently fully viable
myocardium will justify the investment of even
several stents, whereas no viability will argue against
PCI altogether. What if the CTO is difﬁcult to pass and
signiﬁcant time and material has to be invested to
ﬁnally get across it? In this case, it seems to make
sense to recanalize the vessel anyway. This does not
mean that simultaneous assessment of viability with
the I.C. ECG should not be done.
Bear in mind what is recommended here imparts no
additional radiation to the patient if a recanalization
attempt was going to be attempted anyway, even
without available proof of viability. It consumes no
added material and practically no time, and it harbors
no additional risk. It avoids the use of a complex
additional diagnostic procedure (viability testing by
magnetic resonance imaging), let alone poorly inves-
ted irradiation when radioactive tracers are used to
test for viabilitywith scintigraphy or positron emission
tomography. Stress echocardiography might be the
only competitor for this I.C. ECG protocol because
transthoracic echocardiography is quite applicable
during diagnostic catheterization.
Notwithstanding, we have to remain realistic about
the place this technique is likely to attain in PCI. The
past 30 years have shown that the I.C. ECG is as
readily forgotten as it is available.
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